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With rapid economic and social development in China, high-rise buildings have continuously
sprung up since 2006. However, several big ﬁre accidents in high-rise buildings such as the
Beijing Television Cultural Center ﬁre in 2009 and the Shanghai Jing’an District ﬁre in 2010
etc. have claimed people’s lives and caused huge amounts of economic and property losses, thus
resulting in great social response. This circumstance has caused grave concern from the public and
government. The hazards pose a serious ﬁre safety risk issue for high-rise buildings and further
stimulate the research needs in this regard. As compared to normal room ﬁres, the ﬁre behaviors
in high-rise buildings have some new special features, including (1) the extensive use of external
facade insulation materials bringing new ﬁre safety issues, (2) special ﬁre evolution and smoke
transportation behavior due to complex building structures and boundary conditions, (3) a serious
threaten to the structural safety of high-rise buildings by ﬁres, and (4) crowd evacuation in high-
rise buildings in case a ﬁre becomes a major safety problem.
In order to meet the above research requirements, Ministry of Science and Technology
(MOST) of China has set up a National Basic Research Program (973 program) entitled “Re-
search on key fundamental aspects of high-rise building ﬁre protection” in 2012. The major
research ﬁeld covers ﬁre safety of building structure and components both from fundamental
and engineering aspect, smoke transportation and control, as well as efﬁcient evacuation strategy
design. It is expected that this program will help promote the innovations in both fundamental
researches of ﬁre dynamics and applied researches for new ﬁre technologies and codes, directly
towards ﬁre safety of high-rise buildings.
It is our great pleasure to present the four papers in this special subject of Theoretical &
Applied Mechanics Letters (TAML) and introduce up-to-date research progress on thermal in-
sulation material, structure ﬁre safety, eddy-dissipation-concept (EDC) combustion model, and
smoke transportation characteristics in elevator shaft.
Jiayun Song et al. developed a model to predict the trajectories of ﬂying hot particles with
different initial size, and calculated particle’s temperatures during the movement. The results
showed that for sphere aluminum particles with same initial velocities and diameters, the horizon-
tal and vertical distances were longer for particles with higher initial temperatures. The critical
temperature for aluminum particle to ignite rigid polyurethane foam increased rapidly with the
decrease of particle diameter. So, it is conclude that the horizontal and vertical safety distances
were closely related to particle initial temperature, diameter, and its initial velocity.
Qiang Sun et al. proposed a method to analyze and evaluate the safety level of steel frame
structure under different ﬁre scenarios, and discussed the impact factors of structure safety such
as damage level of the main components of steel framework, maximum temperature of the ﬁre,
034003-2 J. H. Sun, L. H. Hu Theor. Appl. Mech. Lett. 4, 034003 (2014)
component thermal effect and ﬁring duration. It can provide a reference to ﬁre resistance design
of steel structure and post-disaster safety evaluation.
Changjian Wang et al. developed a blended-fuel based EDC combustion model in the Fire-
FOAM framework, and it is applied to stimulate pool ﬁre. Comparing ﬁre height and centerline
temperature against experimental data, and it shows that the experiments match predictions very
well.
Yunchun Xia simulated the spread of ﬁre smoke in the elevator shaft of a high-rise building
using Fire Dynamics Simulator (FDS) of computational ﬂuid dynamics (CFD). The simulation
showed that smoke moved very fast in the elevator shaft. For a 12 ﬂoor high-rise building, smoke
could ﬁll up the elevator shaft in less than 1.5 min after the ﬁre started.
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